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ABSTRACT
Speech Production Tool for Children With Hearing Loss
by
Brittney Lamb, Master of Science
Utah State University, 2012
Major Professor: Dr. Kristina M. Blaiser
Department: Speech-Language Pathology
Acoustics are particularly important to consider when assessing the speech production of
young children with hearing loss who use listening and spoken language as their main
communication modality. Even though standardized assessments, such as the Goldman-Fristoe
test of Articulation-2nd Edition (GFTA-2: Goldman & Fristoe, 2000), are appropriate speech
production measures for children with hearing loss, they are not designed to facilitate
interpretation related to a child’s access to acoustic information (e.g., Flipsen & Connor, 2004;
Ertmer, 2010; Flipsen 2011). The Acoustic Monitoring Protocol (AMP; Blaiser & Lamb, 2012)
was created to be used with the GFTA-2 Sounds in Words subsection to provide supplemental
acoustic information. The GFTA-2 in conjunction with the AMP was administered to 18 children
with hearing loss who attended Sound Beginnings Preschool. Three patterns were defined:
frequency-based errors, phonological and articulatory errors and developmental errors.
(48 pages)
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Public Abstract
Speech Production Tool for Children with Hearing Loss
Brittney Lamb

Acoustics are particularly important to consider when assessing the speech production of
young children with hearing loss who use hearing aids and/or cochlear implants. For successful
speech production, children need access to frequencies across the speech spectrum. Even though
standardized assessments, such as the Goldman-Fristoe test of Articulation-2nd Edition (GFTA-2:
Goldman & Fristoe, 2000), are appropriate speech production measures administered by speechlanguage pathologists (SLPs) to children with hearing loss, they are not designed to facilitate
interpretation related to a child’s access to acoustic information (e.g., Flipsen & Connor, 2004;
Ertmer, 2010; Flipsen 2011). The Acoustic Monitoring Protocol (AMP; Blaiser & Lamb, 2012)
is a chart that provides specific frequency information on the full words from the GFTA-2
Sounds in Words subsection to evaluate acoustical patterns of the child speech production skills.
The purpose of this study is to determine speech production trends with this population,
determine observed patterns of the AMP, and to determine the usefulness of the AMP for
progress monitoring and communication purposes.
The GFTA-2 in conjunction with the AMP was administered to 18 children attending
Sound Beginnings Preschool who use hearing aids, bone anchored hearing aids, or cochlear
implants whose communication modality was listening and spoken language. The performance
of the children with hearing loss; the relationship between speech production standardized test
scores and participant demographic information; observable patterns on the AMP; and usefulness
of the AMP were measured and analyzed.
The results indicated that compared to standardized norms, children with hearing loss
performed within the average range on the speech production measures. A positive correlation
was found between the amount of time enrolled in Sound Beginnings Preschool (a specialized,
intensive school for children with hearing loss) and speech production of specific phonemes.
Even though many children are scoring within the average range on the speech production
measures, three error patterns were analyzed when using the AMP including frequency,
phonological, and developmental. The AMP was completed on average in less than 30 minutes
and provided information that is critical for working with children with hearing loss.
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INTRODUCTION
Standardized assessments, such as the Goldman-Fristoe test of Articulation-2nd Edition
(GFTA-2: Goldman & Fristoe, 2000), are commonly given by speech-language pathologists
(SLPs) to measure speech production of children compared to a normative sample of their agematched peers. Recent research demonstrates that the GFTA-2 can be valuable in evaluating
articulation of children with hearing loss using listening and spoken language (e.g., Ertmer,
2010; Flipsen 2011). However, while assessments such as the GFTA-2 are helpful in measuring
progress over time and providing developmental normative information, they are not designed to
facilitate interpretation related to a child’s access to acoustic information.
Acoustics are particularly important to consider when assessing the speech production of
young children with hearing loss who use hearing aids and/or cochlear implants. Understanding
error patterns, if and when they occur, is critical to ensuring that a child’s hearing technology is
providing him/her with access to frequencies across the speech spectrum. When SLPs fully
understand how acoustics relate to speech production, they are better able to become
collaborative partners with audiologists in ensuring that hearing technology provides optimal
benefit for their device. The purpose of this study was to determine current speech production
skills of the participants and to evaluate the use of the Acoustic Monitoring Protocol (AMP;
Blaiser & Lamb, 2012) in determining how well preschool children with hearing loss are
accessing frequency specific acoustic information.
Standardized Assessments
Standardized assessments are the most commonly used way to objectively measure a
child’s speech production compared to his/her same age peers. Single word assessments are often
used by clinicians for decision-making associated with intervention plans, determining readiness
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for mainstream classrooms, and assessing sensory aid information based on the child’s functional
speech abilities (Ertmer, 2010). The GFTA-2 is a commonly used single-word articulation test.
This assessment uses a picture-naming task where the administrator points to a picture and asks,
“What is this?” to elicit the child’s response. The assessment is phonetically balanced to assess
each of the consonants in the English language. The GFTA-2 has been normed for hearing
children between the ages of 2 to 21 years of age with separate normative tables for males and
females due to gender differences in phoneme acquisition.
Multiple studies have shown that the GFTA-2 is a reliable and valid tool to assess speech
production for the hearing population, the population the test was normed for, but also for
children with hearing loss (Flipsen, 2011; Ertmer, 2010; Flipsen & Parker, 2008). In the past,
standardized assessments were not appropriate for use with children with hearing loss due to
poor performance and floor effects. In recent years, because of earlier identification of hearing
loss, advances in hearing technology and early intervention, more children have the ability to
develop speech and language skills commensurate with their age-matched hearing peers. Use of
the GFTA-2 been supported in recent work by Flipsen (2011), Chin and Kaiser (2000) and
Buhler, DeThomasis, Chute and DeCora (2007) who noted appropriate standardized assessment
scores (i.e., none were below the normed data) when the assessment was administered following
standardized procedures.
Speech production in children with hearing loss
To distinguish and produce all speech sounds and acoustic cues in the English language,
a person must have the ability to hear across the speech spectrum, which consists of frequencies
from 250 Hz to 8,000 Hz (Cole & Flexer, 2011). Each speech frequency range carries vital
information for the understanding and production of speech (Table 1). Because roughly 50% of
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consonants in the English language are fricatives (Stelmachowicz, Pittman, Hoover, Lewis, and
Moeller, 2004), limited access to high frequency sounds has significant speech and language
impacts on a child’s spoken communicative development. By understanding the frequency
ranges of specific phonemes and acoustical cues, audiologists and SLPs can work together to
validate if a child's hearing technology is functioning so he or she has access to acoustic
information needed.
Typically, high frequency phonemes, such as fricatives and affricates, are specifically
impacted by hearing loss regardless of the degree of the loss (i.e., mild to profound)
(Stelmachowicz, et al., 2004; Elfbein, Hardlin-Jones, Davis, 1994). Stelmachowicz and
colleagues (2004) examined the speech production of children including preliminary data for 11
normal hearing (NH) children and 3 early identified and 2 late identified children with hearing
loss to compare the number and type of phonemes produced. Videotaped interactions between
participants and their mothers were completed every 4 to 6 weeks until the participants were 3
years of age and every 6 months until age 5. To accomplish this, researchers divided phonemes
into three categories based on manner of the production and frequency: 1) vowels (n=15), 2)
stops, nasals, glides, and liquids, (n=13), and 3) fricatives (n=12; high frequency phonemes). All
of the children with hearing loss, regardless of age of identification, demonstrated delayed
acquisition of all of the phonemes within the first five months of the study compared to the NH
children. Children who were identified at older ages (i.e., after 12 months of age) had a more
severe delay than children who were identified early (i.e., prior to 12 months of age), particularly
in fricative development. The delay in phonological development spanned across 12 out of the
13 fricatives in the English language all of which are high frequency sounds. Thus, a strong
relationship was found between age of identification and number of phonemes in error along
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with a strong relationship between speech production skills in a child and access to the full
speech spectrum.
Flipsen (2011) examined speech production of 15 children with cochlear implants who
received their implants between 1;2 (1 year; 2 months) and 8;4 years of age, with a mean age of
implantation of 3;6 years. The amount of implant experience at the time of testing ranged from
1;0 year to 7;10 years. Performance on the GFTA-2 was examined in relation to the child’s
chronological age, age of implantation, and length of experience using the cochlear implant.
Chronological age and age of implantation were not significantly correlated with the GFTA-2
scores (p >.05). The strongest statistically significant correlation was the relationship of the
GFTA-2 raw scores and listening experience (r = -.753; p = .001). The number of errors
produced by children with cochlear implants decrease with implanted auditory experience
(Flipsen, 2011). Furthermore, Flipsen found that the gap between the children with cochlear
implants performance and their peers with typical hearing performance narrowed across time as
they gained more listening experience.
Taken together, acoustic access and listening experience play a significant role in speech
production performance. In general, a child needs consistent auditory access to the entire speech
spectrum to successfully hear and produce the phonemes of a language. Currently, there are no
tools to assess a child's speech production skills that also analyzes frequency specific patterns to
determine his/her auditory access to the speech spectrum.
Working with Children with Hearing Loss
Nationally, approximately 45% of SLPs in school settings regularly serve children who
are deaf or hard of hearing (DHH) as part of their caseload (American Speech-Language-Hearing
Association [ASHA], 2012). However, many school-based SLPs feel unprepared to work with
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children with hearing loss despite their academic and clinical training, (e.g., Cosby, 2009). Part
of this lack of confidence may be related to the fact that tools have not been developed to inform
clinicians how to interpret assessment data relative to access to acoustic information. For
example, a commonly used speech production assessment, the GFTA-2, only accounts for
normative developmental information and does not analyze acoustical patterns of a child's speech
production skills to determine acoustical access across the speech spectrum. It is posited that,
with the right tools, SLPs may have increased confidence in assessing and treating children with
hearing loss.
In addition, these tools may facilitate communication with audiologists providing
validation of programming of hearing technology and, if needed, opportunities to optimize the
technology to increase access across the speech spectrum, particularly in high frequencies. The
current study evaluated the appropriateness of a tool for determining when speech frequencies
are effecting speech production abilities and to potentially use as a progress monitoring tool, to
help direct treatment services, and to help SLPs participate as an effective collaborative partner
in the programming process of sensory aids.
Purpose of the Study
The purpose of this study was to investigate the following questions:
1. What speech production trends were found using a speech sample from the Sounds in
Words subsection of the GFTA-2 in a sample of preschool children with hearing loss
who use listening and spoken language?
2. What trends were observed through use of the AMP (Acoustic Monitoring Protocol;
Blaiser & Lamb, 2012) that are not observed through use of the GFTA-2 alone?
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3. Was the AMP (Blaiser & Lamb, 2012) useful for progress monitoring and
communication purposes as measured by a pilot usability questionnaire?
METHODS
Participants
The institutional review board (IRB) forms were completed and approved prior to the
initiation of the current study. Eighteen children (7 girls; 11 boys) between the ages of 35 and 83
months (m=55) participated. Each of the children had significant, permanent hearing loss and
utilized hearing technology (i.e., hearing aids, cochlear implants or bone anchored hearing aids).
All participants attended Sound Beginnings Preschool at Utah State University and used listening
and spoken language as their primary mode of communication. The children were first fitted
with hearing technology between the ages of 3 and 36 months (mean =12.4 months). Age of
enrollment in intervention services ranged between 3 and 54 months of age (mean=30 months).
Demographic information for participating children is shown in Table 2. Seven SLP graduate
students who attended Utah State University trialed the AMP and six of the graduate students
participated in the completion of a usability questionnaire.
Testing protocol
All of the children enrolled in Sound Beginnings participate in an assessment battery at
the beginning and end of each school year that includes articulation testing with the GoldmanFristoe Test of Articulation-2 (GFTA-2: Goldman & Fristoe, 2000) Sounds-in-Words section.
The GFTA-2 was administered by certified SLPs and trained SLP graduate students in May 2012
following standardized procedures. An additional rule was added for transcription and
consistency purposes for the word “lamp”. The GFTA-2 examination book indicates that the
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word “light” can also be used instead of the word “lamp” on one of the stimulus items. It was
determined by the researchers that it was essential for the word list to be the same for all
children, thus not accepting an alternative word as a response.
The assessments were administered in a quiet, individual therapy room within a twoweek period. The Ling -7 sound test was given prior to each administration of the assessment to
verify that the child’s hearing technologywas working.
Acoustic Monitoring Protocol
Because the GFTA-2 utilizes a list of words that are phonetically balanced, there was at
least one opportunity to produce each consonant in the initial and final syllable position. In
contrast, while a language sample provides opportunities for a child to produce speech in a
natural context, the opportunity to produce each phoneme in multiple word positions is not
guaranteed and a standard form could not be created for spontaneous utterances.
A Model and Replica chart (Pollock & Weaver, 2007 adapted from Ingram, 1981) was
completed using the complete words presented on the GFTA-2 Sounds-in Words section by a
graduate student. The Model and Replica chart is a resource that is organized by place and
manner for initial and final positions and can be used for a relational analysis “that compares
words to adult-like form" (Bleile, 2004). Patterns in sound segments, features, rules, and
phonological processes can be noted through a relational analysis.
A graduate student clinician analyzed each word that was obtained on the GFTA-2 and
divided the words into syllables. Then, at the syllable level, initial and final consonants were
recorded on the Model and Replica and analyzed. For example, the word window was broken
into two syllables “win” and “dow”. For these two syllables, initial /w/ and /d/ were recorded
along with a final /n/. Due to the fact that the words were divided into syllables there were no
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medial position consonants in the analysis. Since high frequency sounds such as /s/ are
commonly omitted and distorted by children with hearing loss (Stelmachowicz, et al., 2004) and
/r/ has multiple colored vowels (Bleile, 2004) which increases the difficulty of its production, it
was determined that final /s/, /r/ and / s/ clusters needed special consideration on the Model and
Replica chart. Therefore, exceptions were made for the following stimuli: scissors, finger,
zipper, and feather by recording the vocalic /r/ alongside the consonant /r/ in the consonant
relational analysis. For example, the word finger was split into two syllables fin and ger with the
vocalic / / as the final syllable.
All consonants from the full words on the GFTA-2 Sounds in Words subsection were
recorded on the Model and Replica chart (Pollock & Weaver, 2007 adapted from Ingram, 1981).
The consonants were coded to indicate whether the sound was produced correctly, omitted, or
substituted with another sound. A black pen was used to place a dash in the box when the
phoneme was produced correctly, a red pen was used to mark if a sound was omitted, and a blue
pen was used to write in the substituted sound (along with tally marks to indicate how often a
specific sound was substituted for the target sound) as shown in Figure 1. For example, if the
child used the sound /t/ for /k/, the /t/ sound was written into the chart using a blue pen in the /k/
phoneme field. Accuracy of coding was determined by another SLP graduate student, scoring
20% of the forms. Each word in the GFTA-2 Sounds in Words subtest was compared and replotted on the Model and Replica sheet (Pollock & Weaver, 2007 adapted from Ingram, 1981)
resulting in inter-reliability of 98%.
Data from the Model and Replica was entered into an Excel program that was designed to
create a visual chart for data analysis. The number of correct productions for each individual
phoneme in the initial and final positions were entered into the Excel program. The program then
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calculated the total number of correct productions over the total number of productions possible
to create a percentage correct. The percentages for each phoneme in initial and final positions
displayed on a chart for a visual reference to the data. The individual phoneme results from the
AMP chart were used for correlation analysis with the demographic factors. The data was
organized by low frequency (defined as the phonemes /m, n, ng, b, d, g/) , middle frequency
(defined as the phonemes /p, t, k, h, w , y, l, r, ch, dj, z, thv/), and high frequency (defined as the
phonemes /v, sh, f, s, th/) sounds. Within each frequency category, the phonemes were split into
a frequency hierarchical order that also accounted for developmental features and power
(intensity) of the sound. Located at the bottom of the Excel chart were individual phonemes and
the percent produced correctly. The results were color coded by the frequency: low frequencies
were green, middle frequencies were pink, and high frequencies were blue. For a sample see
Figure 2.
It was determined that it would be more clear to analyze and transfer information from
the relational analysis form to the Excel program if the relational analysis was organized in the
same manner as the AMP chart. This would provide more efficient data entry and provide the
administrator visual information about frequency specific patterns while completing the
relational analysis form. The Model and Replica form was modified to be organized from low to
high frequencies rather than by the place and manner of the phonemes. The form was color
coded by frequency to match the color coding of the Excel form This provided a clear visual
representation for error analysis of a child’s speech production. This form replaced the Model
and Replica form and was used for a relational analysis of the sounds produced during the
GFTA-2. The same code was used for entering data as the Model and Replica. For a sample see
Figure 3.
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For each participant an AMP chart was created and analyzed to determine error patterns
that were observed. Error patterns were created to aid in determining a treatment approach and to
create consistent terms that could be used when communicating results with an audiologist. Age
of acquisition for specific phonemes were considered when determining the patterns. The three
patterns that were noted to be appropriate were frequency, phonological/articulatory, and
developmental error patterns. Each of the patterns were given structured definitions.
Frequency error patterns: This pattern was defined as 3-4 errors (<50% accuracy) of
phonemes within a particular frequency range. It was determined that the errors did not
necessarily need to be consecutive to determine if a pattern existed.
Phonological/articulatory error patterns: When a phonological/articulation error pattern
was present, the errors did not follow a specific frequency pattern but were consistent across the
speech spectrum. Phonological/articulatory patterns included errors that were not developmental
in nature, but inconsistently produced.
Developmentally appropriate phoneme patterns: This pattern was defined as the child’s
errors were appropriate for his/her developmental age. Developmental norms for phoneme
acquisition is shown in Figure 8 (Williamson, 2010).
AMP Pilot Case Study
A case study for one child with a cochlear implant was completed to pilot the AMP chart.
The child attended the Sound Beginnings program four days a week starting in Fall 2011. At that
time, parents reported that the child had not been mapped for approximately two years because
she was reported as “extremely hard to map”. The child demonstrated significant delays in
speech production and language. The participant was identified with hearing loss at 18 months of
age, amplified at 20 months of age, and implanted bilaterally with cochlear implants at 24
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months of age. The GFTA-2 was given four times during the course of one year at ages 4;2; 4;6;
4;10; and 5;2. The GFTA-2 and AMP were used to analyze the phonemes across frequencies,
alter therapy approaches depending on specific phonemes and cues that were not being
sufficiently heard, and to communicate the speech production results to the audiologist for
appropriate hearing aid and mapping alternations. For example, the AMP provided confirmation
that the child was not hearing the lower frequency sounds consistently. These concerns were
discussed with the audiologist and mapping was reconfigured. The low frequency nasal
phonemes were targeted in therapy and began to develop and become more consistently used in
the word, sentence, and conversational level. The AMP was then completed again for progress
monitoring and it was noted that the child was inconsistent with the lower frequency sounds
again. The results were then re-communicated with the audiologist and it was determined that
remapping was necessary. By closely monitoring the child's speech production skills, the child
was able to quickly get remapped to have consistent access to the speech spectrum. The AMP
results over time for this participant are shown in Figures 4.1 through 4.4.
Questionnaire
A pilot trial was completed with seven graduate students using the AMP to analyze
speech production data obtained during the GFTA-2 at Sound Beginnings Preschool in the Fall
2012 Utah State University semester. A 1-hour training was provided to the graduate students in
regards to how to use the AMP. Each of the graduate students completed the AMP for one of
their clients during the training to ensure that they understood the process. A questionnaire
(shown in Figure 5) was created by analyzing what the AMP would be used for and important
factors to consider when providing and analyzing an assessment. The questionnaire was used to
determine if clinicians deemed the AMP useful, the amount of time it took to complete the task,
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and if they would use the AMP again. Six out of the seven graduate participants completed the
questionnaire.
RESULTS
Question 1: What speech production trends were found using a speech sample from the
Sounds in Words subsection of the GFTA-2 in this sample of preschool children with
hearing loss who use listening and spoken language?
Table 3 shows the standard scores, raw scores, and percentile means on the GFTA-2 for
the 18 participants. A wide range of performance was observed, with raw scores (number of
errors) ranging from 6 to 48. Standard scores ranged from 49 to 112 (mean = 83.22; SD =
19.93). Using a cutoff of 77, or 1.5 standard deviations below the mean (a common cutoff for the
typical range in public schools; Flipsen, 2011), five participants would have been considered
delayed and qualified for speech-language services. Thirteen participants had standard scores
between 85 and 115, or within normal limits related to their same aged peers.
An analysis was completed correlating demographic factors including: age, gender, age
first amplified, age enrolled in early intervention through Sound Beginnings, type of hearing
loss, and device type and brand used with the GFTA-2 test results. There were no statistically
significant correlations between the raw or standard scores with the demographic factors.
Phoneme specific analysis
Because of the unique relationship between hearing loss and access to high frequency
phonemes, a phoneme-analysis was conducted between phoneme-specific accuracy scores from
the AMP and demographic variables. There were strong negative correlations between age
enrolled at Sound Beginnings (intervention) and individual phonemes from the AMP such as
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/t / (r = -.831, p = .01); /d

/ (r = -.589, p = .05); /s/ (r = .-561, p = .05); / / (r = -.475, p = .05)

and as shown in Table 4. Four of the seven sounds with statistically significant negative
correlations were fricatives or affricates.
Another pattern that was noticed was the correlations between specific phonemes and
age. For example, there was a statistically significant correlation between age of testing and the
voiceless “th” phoneme, /ð/, (r = .706, p = 0.01) and /v/ (r = .669, p = 0.01) which are both later
developing sounds. This finding suggests that the Sound Beginnings participants are learning
phonemes in a developmental pattern.
Question 2: What trends were observed through use of the AMP (Acoustic Monitoring
Protocol; Blaiser & Lamb, 2012) that are not observed through use of the GFTA-2 alone?
Through the development and use of the AMP (Blaiser & Lamb, 2012) three patterns
were visually prominent in the charts across the participants. The patterns include: patterns in
frequency errors, phonological/articulatory error patterns, developmentally appropriate phoneme
patterns.
Six participants (33%) produced frequency error patterns on the AMP. See Figure 6.1
through 6.6 for participant profiles for this pattern.
•

Figure 6.1 shows a frequency error pattern across two frequency areas. First, there are
three phonemes in the low frequency range that are 0% accurate in the final position (/b,
d, g/) along with poor accuracy (<50%) of these consonants in the initial position. The
high frequency range also shows 0% accuracy for multiple sounds in the initial and final
positions. Even though some sounds in error are later developing, there are enough errors
that should be age appropriate in the same frequency ranges for concern.
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•

Figure 6.2 shows a clear gap in the high frequency ranges. A few sounds are produced
with poor accuracy but the majority of the sounds are omitted (0% accuracy) in all
positions.

•

Figure 6.3 shows frequency patterns in the upper-middle and high frequency ranges. Only
three sounds (initial /sh/ and final /s/ and /v/) are produced with 100% accuracy.

•

Figure 6.4 shows a upper-middle frequency error pattern. A variety of sounds are
produced at/or below 50% accuracy or are omitted.

•

Figure 6.5 shows a low, middle and high frequency error pattern. There are many errors
visible across all three frequency ranges (specifically final consonants), and there is
especially a large gap in the high frequencies.

•

Figure 6.6 shows a upper-middle and high frequency error pattern with initial and final
consonants.
Three participants (17%) produced phonological/articulatory error patterns on the AMP.

See Figure 7.1 through 7.3 for participant profiles for this pattern.
•

Figure 7.1 shows success of sounds across all frequencies at approximately the same
level (50-100%) with some sounds omitted. There is visible success across the frequency
ranges, but the consistent levels of error across the ranges show that phonological
processes may be present.

•

Figures 7.2 and 7.3 shows 100% success for many of the phonemes however, there are
scattered errors and omissions across all frequencies that should be mastered according to
the participants ages.
Nine of the participants (50%) produced developmentally appropriate phoneme error

patterns. See Figure 9.1 through 9.9 for participant profiles for this pattern. The figures show that
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most of the phonemes in the initial and final positions are produced correctly with 100%
accuracy and scattered errors are made that are generally age appropriate for the children. Some
sounds are produced with 50-75% accuracy indicating that they are emerging.
Question 3: Was the AMP (Blaiser & Lamb, 2012) useful for progress monitoring and
communication purposes as measured by a pilot usability questionnaire?
Six graduate students completed a survey regarding their experience using the AMP. In
terms of time it took to use the AMP, three students reported that it took between 15-20 minutes,
one student reported that it took between 20-25 minutes, and three reported that it took between
25-30 minutes. All of the students agreed (50%) or strongly agreed (50%) that the directions
were clear and easy to follow; that the charts were easy to understand and that the tool would be
useful in guiding speech production treatment plans. All of the students strongly agreed (67%) or
agreed (33%) that they would use the tool again in the future. Individual question result are
shown in Figure 10.1 through 10.6. Suggestions were provided and used for improvement of the
AMP, such as, to provide written instructions and create a relational analysis form that was
organized by frequency similar to the Excel chart. These suggestions were considered and
written instructions and the new relational analysis form described in the methods section were
created.
DISCUSSION
The current study was designed to examine speech production skills with preschool
children with hearing loss using listening and spoken language as their primary mode of
communication. Because speech production is so closely related to consistent access to sound
across frequencies, the results from a commonly used speech production assessment, the GFTA-
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2, were more fully documented with the Acoustic Monitoring Protocol (the AMP) to determine if
there were specific acoustic patterns associated with speech sound production findings from the
GFTA-2 and how the patterns identified were useful.
The AMP was found to be a useful, effective supplement to the words from the Sounds in
Words subsection in the GFTA-2 for providing frequency specific information. The AMP
provided similar information to the GFTA-2, but was more sensitive in that it identified potential
areas of acoustic weakness for children who were within normal limits on the GFTA-2 compared
to their age matched peers provided by the normative information on the assessment. For
example, 13 participants’ standard scores were within the average range and the AMP indicated
that 9 participants were following a developmental error pattern. Thus, even though the children
appear to be developing fairly typically in terms of speech production, specific deficits related to
specific sounds or a specific frequency range, are not being detected by the GFTA-2 and are
evident in the AMP. These weaknesses can have a longer lasting impacts on speech production,
intelligibility, and use and understanding of morphosyntactic markers.
The current research findings support those reported by Stelmachowicz and colleagues
(2004) that emphasized the importance of high frequency audibility in speech and language
development along with the bandwidth restrictions on high frequency sounds. The majority of
frequency error patterns detected in the current study were within the high frequency range.
Children's' speech production skills, no matter the level of hearing loss (mild, moderate, or
severe) or technology used (hearing aids, bone anchored hearing aids, or cochlear implants), can
be affected by lack of access to the full speech spectrum. It was observed that some children with
all types of hearing technology utilized followed a frequency error pattern. With this notable
disadvantage to developing the high frequency sounds, there may be a critical need for additional
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auditory and speech training in early intervention to facilitate the speech production of these
sounds.
Utilizing AMP Pattern Profiles
By determining an error pattern for individual children, SLPs can target specific
phonemes and utilize the appropriate intervention approach (e.g. traditional articulation, minimal
pairs, cycles approach) and then can make a clinical judgment to communicate results with an
audiologist as needed. The error patterns provide a general description of errors; however, error
patterns may describe one area of concern but additional attention may still be needed in
different error patterns. For example, if a child presents with AMP results of a frequency error
pattern, audiological intervention should be considered first, then phonological patterns may
need to be addressed as well depending on the child's specific speech patterns. Error patterns are
more fully described along with how the results may impact collaboration and intervention.
The frequency error pattern shows specific frequencies or frequency ranges a child may
not have access to based on the specific speech production errors a child is making. The GFTA-2
provided information about all English consonants by scoring one production opportunity for
each phoneme in the initial, medial, and final word positions. Since the AMP accounts for the
whole words in the Sounds in Words subsection, more than one opportunity is present for each
of the sound. Having multiple opportunities allows for a percentage calculation of the
productions correct. Having more than one opportunity can provide a more accurate look at
consistency of how a child produces each phoneme at the word level.
Clinically, this profile suggests that the child’s SLP would recommend an appointment
with an audiologist and communicate the results by providing the visual AMP chart to the
audiologist and describe the frequency area of concern, what patterns were noticed in the past
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with the sounds in the frequency range, and current data from therapy sessions related to the
frequency range. The AMP could provide an audiologist with the current speech production level
of the child regardless of the child’s profile and can assist in the appointment in determining
what frequencies should be addressed first in mapping or hearing aid adjustments. While waiting
for the audiology appointment, the SLP could determine a course of treatment with the
phonemes, such as acoustic highlighting/use of minimal pairs, to provide the audiologist with
additional information and to serve as baseline information to be compared following hearing
technology program changes.
In a phonological/articulatory error pattern, a child has achieved some level of success
with phonemes across all of the frequencies but the error patterns suggest a phonological or
articulation delay/disorder. For example, a child is only producing each phoneme with 50%
accuracy regardless of the frequency, manner or placement. The SLP can review the percentages
of phoneme correct located on the bottom of the visual profile to determine what phoneme(s) to
target next in treatment. The chart provides a visual representation of what phonemes the child
has mastered, what phonemes are emerging, and what phonemes are not present. This
information provides a direction for stimulability testing for age appropriate target sounds that
resulted in 0% accuracy and direction of treatment. Other tools, such as the Model and Replica,
can provide similar information; however, they do not provide the visual support to determine if
the errors are purely phonological or acoustic in nature. Even if a child is hearing across the
speech spectrum, access to sound should consistently be monitored and evaluated to make sure
that the child maintains access to all sounds. This is specifically important for preschool-aged
children because they are just learning to become self-reports and may not communicate changes

19

in their hearing status independently. The SLP could develop an intervention plan focused on
developing production of age appropriate phonemes across all frequencies.
Developmentally appropriate phoneme patterns from the AMP can guide treatment to
focus on phonemes that are emerging or generalization of speech production with ongoing
speech samples. Even if a child has a developmentally appropriate speech production patterns,
acoustics should still be considered when developing a course of treatment. The AMP could be
used as a progress-monitoring tool to determine if the phonemes are developing appropriately
across time or if a specific phoneme needs to be directly taught. For example, if a child has
developed most of the high frequency sound except for "th" and the sound is not an appropriate
target developmentally, the sound could be monitored across time with the AMP to determine if
the child is going to spontaneously develop the sound or if direct instruction is necessary. The
results should still be communicated with the audiologist due to variability and changes in a
child's hearing across time to show that the child is currently producing age-appropriate sounds
across all frequency ranges. Knowing the child's current speech production abilities will assist
the audiologist in maintaining an appropriate program for the child’s listening device.
Usability
All AMP results are beneficial to communicate with an audiologist and to use as a
progress-monitoring tool. Audibility and frequency patterns of words are additional factors that
should be considered when working with children with hearing loss compared to working with
typical hearing children because consistent auditory access is essential for speech production
skill development. The GFTA-2 is commonly used as a standardized assessment for speech
production skills. The AMP can be utilized in conjunction with the GFTA-2 to gain further
information about speech production skills related to frequency when working with children with

20

hearing loss. Specifically, the AMP organizes phonemes into three frequencies to compare the
speech production skills to acoustic information. Even if a child is producing all age appropriate
sounds, it is important to continually monitor the child's speech production skills with acoustical
information since hearing thresholds change across time. The GFTA-2 does not provide this
information. The AMP can also provide information about which specific frequency range the
child may not be getting access to. This information can be communicated with the audiologist.
By understanding which frequency ranges are affected, acoustic highlights and other techniques
can be used along with determine appropriate targets for treatment until an audiologist visit to
provide appropriate targets that will have the best potential for improvement. It is ineffective to
provide direct therapy for a specific phoneme that a child is not hearing.
This type of tool may help SLPs in school programs who serve children with hearing loss
to feel more prepared in interpreting assessment results, sharing these results with audiologists,
and developing appropriate intervention plans. This tool has the potential to assist SLPs in
reviewing frequency specific information and to collaborate the results visually with an
audiologist even if the SLP is not comfortable with analyzing or verbally communicating their
impressions on what the child may or may not be hearing with the audiologist. The chart
provides a layout to see notable gaps in frequency areas and the patterns provide a common and
consistent terminology for communication between professionals. If there is an inconsistency of
production abilities across the frequencies, the audiologist may want to start assessing the
frequency area with the most errors.
The AMP was used as a supplement to a battery of measures to determine the child’s
speech production skills. All levels of hearing loss, ranging from mild to profound, affects
communication abilities and academic performance even if the child is considered to be an
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intelligible speaker (Stelmachowicz et al., 2004). SLPs can use the AMP with children with all
levels of hearing loss. Progress monitoring is essential because hearing loss can be progressive
and hearing technology may need to be adjusted with varying frequencies depending on each
child’s specific type of hearing loss.
Monitoring hearing status is essential for all children with hearing loss even if the child is
age appropriate in speech production skills. As shown in a small pilot questionnaire, the AMP
was noted to be a useful tool for diagnostics, treatment planning, and communication with
audiologists. The average time it took to administer the AMP was between 25-30 minutes and
the tool was deemed useful and all responded that they would use it again in the future. This time
frame is clinically appropriate for an assessment measure in all work settings (e.g. schools,
hospitals, private practice, etc.).
Research Limitations
There were several limitations to this study. First, the sample size was relatively small.
Second, there was a high variability among the participants with respect to their age of
identification, device experience, type of technology aid (hearing aid, cochlear implant, or bone
anchored hearing aid), and length of intervention. All the children enrolled at Sound Beginnings
were part of the study due to the fact that it is a specialized school for only children with hearing
loss thus there was no exclusion criteria. The graduate students who participated in the study
were all part of the same university program which may have resulted in some level of bias to the
usability of the AMP questionnaire.
Future Directions
Additional research needs to be conducted to further investigate the usability and validity
of the AMP including a longitudinal study to determine the benefits of consistent communication
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with audiologists and intervention modifications as a result of the AMP. Further investigation on
how the information provided from the AMP was used in communicating results and how it
affected program changes also could be considered. A larger number of participants from
multiple demographical areas in the United States should be considered for further research.
CONCLUSION
Despite the limitations of the study, several implications have been noted. The majority
of the participants scored in the average range on the GFTA-2 and many participants followed a
developmental error pattern. Preliminary data shows that the AMP has the potential to be a more
sensitive tool for detecting acoustic patterns compared to the GFTA-2 that is valuable in terms of
collaboration and progress monitoring. Because the AMP is a time effective tool, completed in
30 minutes or less, it is a realistic tool for speech pathologists to use in all settings of
employment.
Because many SLPs in school settings provide services to children with hearing loss, but
do not always have the training on acoustics, the AMP may be a simple way for SLPs to better
assess the speech production and intervention approach for children with hearing loss. This tool
can help guide treatment and monitor the progress of the clients’ speech production skills while
organizing the phonemes in such a way that will account for the acoustical information.
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Table 1. Speech Information Carried by the Key Speech Frequencies of 250
250-4000 Hz (+ or - one half octave)

Note: Adapted from Speech and the Hearing Impaired Children (2nd ed.) by D. Ling, 2002, Washington, D.C.: Alexander Graham
Bell Association of Deaf and Hard of Hearing. Reprinted with permission in Children with Hearing Loss: Developing Listening and
Talking (2 ed). San Diego, California: Plural Publishing Inc. Chart taken directly from text.
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Table 2. Characteristics of Participants

Variable

N

Mean

Standard Deviation

Age at testing (months)

18

55.83

13.47

Age of amplification (months)

17

12.41

9.52

Age entered Sound Beginnings

17

30.53

13.25

(months)
Hearing Aids

9

Cochlear Implants

6

Bone Anchored Hearing Aids

3
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Table 3. Goldman Fristoe Test of Articulation- 2nd Edition Scores
Goldman-Fristoe Test of
Articulation
Standard Score

Mean

Standard Deviation

Range

83.22

19.93

63.00

Raw Score

28.06

15.34

46.00

Percentile
23.78
21.94
76.00
Note: The average range for standard scores is 85-115. All participants were administered the GFTA-2 following standardized
procedures within a two week time period (Goldman & Fristoe, 2000).
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Table 4. Time Enrolled at Sound Beginnings Correlated with Specific Phoneme Production
Placement

Phoneme

r-value

p-value

Fricative and Affricates

Glide

Initial/ t /
Initial /d /
Initial /s/
Final / /
Initial /j/

-.831
-.589
-.561
-.475
-.606

0.01
0.05
0.05
0.05
0.01

Nasal

Final /n/

-.575

0.05

Plosive

Final /t/

-.578

0.05
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Figure 1. Completed Model and Replica Form Example

Figure 1. Form filled out by graduate student clinician who monitored clients progress over the course of one year (8/22/20118/22/2012). Form is organized by place and manner of phonemes and was created by Pollock and Weaver in 2007 who adapted from
Ingram (1981).
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Figure 2. AMP Visual Profile
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Initial 100% 100% n/a 100% 100% 100% 75% 100% 100% 100% 100% 100% 0% 0% 100% 0% 0% 50% 50% 100% 80% 67% 0%
Final 75% 100% 86% 100% 100% 100% 100% 100% 100% n/a n/a n/a 0% 83% 100% n/a 100% n/a 100% 100% 100% 100% 0%
Initial

Final

Low Frequency
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Figure 2. The visual display for the AMP is split into low, mid, and high frequencies visually divided in three colors. N/A is used to
indicate the phoneme was not appropriate to assess in the present position. Percentage correct for each phoneme is provided oon the
chart.
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Figure 3. AMP: Frequency Organization Form

Figure 3. Form adapted from Model and Replica created by Pollock an d Weaver (2007) to organize the phonemes in frequencies.
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Figure 4. Case Study AMP Results Across Time
.1
Figure 4.1

Figure 4.2

Figure 4.3
.3

Figure 4.4
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Figure 5. Sample Usability Questionnaire
Questionnaire
Now that you have used this progress monitoring/communicating tool what do you think? Please be honest.
1. How long did it take you to complete the task on one client?
a. 1-10 minutes
b. 15-20 minutes
c. 20-25 minutes
d. 25-30 minutes
e. 31 or more minutes
2. The directions were clear and easy to follow.
a. Strongly agree
b. Agree
c. Disagree
d. Strongly disagree
3. The results chart was easy to understand.
a. Strongly agree
b. Agree
c. Disagree
d. Strongly disagree
4. I believe this tool would help me communicate speech production results to an audiologist.
a. Strongly agree
b. Agree
c. Disagree
d. Strongly disagree
5. I believe this tool would help guide my speech production treatment.
a. Strongly agree
b. Agree
c. Disagree
d. Strongly disagree
6. I would use this tool again.
a. Strongly agree
b. Agree
c. Disagree
d. Strongly disagree
7. Do you have any suggestions for improvement?

Figure 5. A copy of the questionnaire provided to all participating graduate students following completion of the AMP for each of
their current clients.
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Figure 6. AMP Results: Frequency Error Pattern
Figure 6.1.

Figure 6.2.

Figure 6.1. AMP result chart for 37 month old,, male
participant who utilizes a Baha for hearing support
support.

esult chart for 58 month old,
old female
Figure 6.2. AMP result
participant who utilizes cochlear implant(s)
implant for hearing support

Figure 6.3.

Figure 6.4.

Figure 6.3. AMP results for 63 month old, male participant
who utilizes cochlear implant(s) for hearing support.

Figure 6.4. AMP result chart for 55 month old,
old male
participant who utilizes hearing
ing aids for hearing support.
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Figure 6.5.

Figure 6.6.

Figure 6.5. AMP results for 40 month old, female participant
who utilizes cochlear implant(s) for hearing support.

esults for a 55 month old,
old male participant
Figure 6.6. AMP results
who utilizes hearing aids for hearing support.
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Figure 7. AMP Results: Articulation/Phonological
onological Error Pattern
Figure 7.1.

Figure 7.1. AMP results for 62 month old, male participant
who utilzes hearing aids for auditory support.
Figure 7.3.

Figure 7.3. AMP results for 83 month old,, male participant
utilizing hearing aids for auditory support.

Figure 7.2.

Figure 7.2. AMP results for 64 month old,
old male participant
who utilizes hearing aids for auditory support.
suppo
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Figure 8. Developmental Norms for Phoneme Acquisition

Figure 8. Suggested patterns of acquisition of consonants in the English language (Sander, 1972).
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Figure 9. AMP Results: Developmental
elopmental Error Pattern
Figure 9.1.

Figure 9.2.

Figure 9.1. AMP results for 49 month old, female participant
who utilizes hearing aids for auditory support.

Figure 9.2. AMP results for 66 month old, male participant
who utilizes hearing aids as auditory support.

Figure 9.3.

Figure 9.4.

Figure 9.3. AMP results for 61 month old, female participant
who utilizes heairng aids for auditory support.

Figure 9.4.AMP
AMP results for 83 month old, male participant who
utilizes cochlear implant(s) as auditory support.
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Figure 9.5.

Figure 9.6

Figure 9.5. AMP results for 35 month old, fem
female participant
who utilizes Baha for auditory support.

Figure 9.6. AMP results for 61 month old, female participant
who utilizes heairng aids for auditory support.

Figure 9.7.

Figure 9.8.

Figure 9.7. AMP results 47 month old, male
ale participant who
utlizes Baha for auditory support.

Figure 9.8. AMP results for 71 month old, male participant
who utilizes cochlear implant(s) for auditory support.

41

Figure 9.9.

Figure 9.9. AMP results for 78 month old, female participant
who utilizes cochlear implant(s) for auditory support.
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Figure 10.. Individual Questionnaire Results
Figure 10.1
Figure 10
10.2

Figure 10.3
Q3: The results chart

Q2: The directions were clear
and easy to follow.

Q1: How long did it take you
to complete the task on one
client?
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